The various phases of left ventricular contraction, recently referred to as the systolic time intervals (Weissler, Harris, and Schoenfeld, i969) , have been extensively studied by atraumatic, noninvasive techniques in normal subjects of all age groups in an endeavour to permit elucidation and evaluation of decreased myocardial performance (Frank and Kinlaw, I962; Weissler, Harris, and White, I963; Weissler, Harris, and Schoenfeld, I968; Jezek, I963; Harrison et al., I964; Harris, Schoenfeld, and Weissler, I967; Spodick and Kumar, I968; Toutouzas et al., I969; Willems et al., I970;  Diamant and Killip, I970; Inoue et al., 1970) .
Sudden necrosis of the myocardium, as occurs in acute myocardial infarction, would be expected to alter the systolic time intervals. Toutouzas et al. (I969) have reported shortenof electromechanical systole (QS2) in patients with acute myocardial infarction shortly after admission to hospital, and gradual lengthening of this interval towards normal during clinical recovery. Such changes may be related to the increased urinary excretion of catecholamines in many patients in the first few postinfarction days (Wallace and Klein, 1969) . Isoprenaline is known to abbreviate
Received 29 December 1970. 1 In receipt of National Heart Foundation of Australia Grant-in-Aid. 2 Correspondence to be addressed to Dr. G. Sloman. 3 In receipt of a Parke-Davis Research Grant. the major phases of the systolic time interval (Harris et al., I967) . Diamant and Killip (1970) and Gunnar et al. (I970) have reported that patients, grouped by clinical or electrocardiographic means, show changes in the systolic time intervals that correlate with severity of infarction. The absolute values of measured systolic time intervals in the different groups involved a wide range. In individual patients, changes in systolic time intervals have been reported to correlate well with changes in the cardiac index after acute myocardial infarction (Schoenfeld et al., I967; Garrard, Weissler,  and Dodge, I970).
The normal ranges of absolute values of the time intervals vary when different equipment, observers, and 'normal' populations are used (Kumar and Spodick, I970 Since systolic time intervals have been found to change after administration of certain drugs, such as digitalis preparations (Weissler and Schoenfeld, 1970) and beta-receptor antagonists (Harris et al., I967; Hunt et al., 1970) Measurements were made during their period of stay in the unit and, in 2 cases, after transfer to a general ward, between the hours of 9 a.m. and 12.30 p.m. All subjects were free of infarction, angina, or severe pain at least when being studied, and had received only a light breakfast or no food for 4 hours before the study. In no case had a digitalis preparation been administered for at least one week, nor had diuretics, antiarrhythmic drugs (other than lignocaine at an infusion rate of o-8 mg -2 mg per minute), antihypertensive drugs, or long-acting antianginal preparations been administered for at least 24 hours. Cigarette smoking was not permitted. Most of the patients had received mild hypnotics at night, and some received oral diazepam 2-5 mg intermittently. No patient received a narcotic analgesic within 6 hours of the measurements being made.
The nature of the procedure to be undertaken was explained to the patient, the blood pressure was measured, and signs of cardiac failure were looked for and recorded. Patients selected were in sinus rhythm at the time recordings were made and did not have frequent supraventricular or ventricular ectopic beats. The appearance of left bundle-branch block at any time also precluded a patient from this study. One patient had right bundle-branch block throughout the period of investigation.
Recordings were made with the patient supine or semi-recumbent, the legs being horizontal, during quiet, normal breathing. The position in which a particular patient was placed was kept the same for successive recordings.
Simultaneous recordings of the electrocardiogram, phonocardiogram, and carotid arterial pulse tracing were used to determine the left ventricular systolic time intervals. At least io complexes were recorded to allow measurement from io consecutive cardiac cycles.
The electrocardiogram was recorded by using the standard CCU chest monitoring electrodes connected to a Sanborn 350-3200A electrocardiography preamplifier. The electrocardiograph lead (usually lead II) was that which showed most clearly the earliest component of the QRS complex. This lead was used for all subsequent tracings.
The phonocardiogram was recorded by one or two crystal microphones (New Electronic Products) positioned to record the initial high frequency components of the first and second heart sounds as clearly as possible. The sites most commonly employed were the pulmonary and/or mitral areas. The frequency ranges selected on the Sanborn 350-I700B Heart Sound preamplifier depended upon the clarity of the initial high frequency vibrations, and the I0o cps setting was usually employed.
The carotid pulse tracing was recorded using a Hewlett Packard APT-i6 applanation pressure transducer connected to two DC amplifiers to allow high gain, low noise differential amplification. This transducer was attached to another Sanborn 350-32coA electrocardiograph preamplifier. The transducer (natural frequency in air 300 Hz) was hand-held at right angles to the carotid artery pulsation to give an even tracing with good demarcation of the onset of rapid pressure rise and the trough of the incisura.
The preamplifier outputs were connected directly to a Sample Electronics SE 3006 ultraviolet recorder. This instrument uses four preset galvanometers (B-45o) which reflect light onto sensitized 6 in 'Oscilloscript D' (Agfa Gevaert) print-out paper and so provides a high contrast recording within a few minutes under normal ambient light conditions. Unsatisfactory recordings could quickly be discovered and discarded. The paper speed was set at ioo mm/sec and time lines were recorded at o0i sec or o-oI sec. The I0 msec time lines were used as the basis of measurement. The paper speed was checked to be con- 2 The interval from the initial high frequency vibration of the first heart sound to the first high frequency (aortic) vibration of the second heart sound (SlS2).
3 Left ventricular ejection time (LVET), measured from the onset of the rapid upstroke of the carotid pulse to the nadir of the dicrotic notch.
The averages of the above measurements were calculated from io consecutive cardiac cycles. Complexes which did not have clearly defined points, were ectopic in origin, or immediately followed an ectopic beat, were discarded. The heart rate was calculated from the measured duration of the I0 relevant RR intervals. The preejection phase or period (PEP), from the onset of electrical activity to the beginning of left ventricular ejection, was not measured directly because of the delay in transmission of the pulse wave. It required calculation by the equation PEP=QS2-LVET The PEP is the sum of two further components, the QS, and ICT (isovolumic contraction time): kI QS1 -from the onset of electrical activity to the first heart sound -is more easily calculated than measured directly: QS1= QS2-S1S2 2 ICT (isovolumic contraction time) -is taken from the onset of the first heart sound to left ventricular ejection, and again must be calculated because of delay of transmission of the pulse wave to the neck: ICT= S1S2-LVET. Indices were calculated from the respective average measured intervals (msec) to correct the values for heart rate using the regression equations formulated by Weissler et al. (I968) based on measurements made in 21I normal subjects:
PEP index = PEP + 04 x HR msec (men and women)
QS1 index = QS1 +0o4 x HR msec (men and women)
LVET index = LVET + I-7 x HR msec (men) + LVET + i-6 x HR msec (women) QS2 index = QS2 + 2-I x HR msec (men) = QS2 + 2-0 x HR msec (women). No index was calculated for ICT, it having 4 been shown by Weissler et al. (I968) and Jeiek (I963) that the ICT was independent of heart rate. The PEP/LVET ratio was calculated from respective values uncorrected for heart rate (Weissler and Garrard, I97I) .
Results
In Table i Table 2 lists the various systolic time intervals (expressed as indices for QS2, PEP, and LVET) and the changes occurring over 24-hour periods in the I5 patients. In individual patients a 5 msec change would be considered within the limits of experimental error. In Case 4, systolic time intervals on days I, 2, and 4 are compared but the changes between days 2 and 4 were not used in statistical analysis.
The means of the calculated indices, ICTs, and ratios for the initial and second recordings of the i5 patients are listed in Table 3 . The standard deviations (using Bessel's correction) are also calculated from these absolute figures. Table 4 shows the means of the calculated changes (from Table i ) between the first and second recordings of the group. The standard deviations of these figures are also shown.
QS2 index The initial recordings showed the QS2 indices to vary between 479 and 539 msec, with a mean of 5Ig9g msec .
The next recordings, taken 24 hours later, showed indices ranging from 476 to 547 msec, with a mean of 5I7T4 msec (SD 2i-6).
The day-to-day changes in individual patients ranged from a fall of 5i msec to a rise of 22 msec. In the former patient (Case 5) no obvious change in ICT or PEP/LVET ratio was found, but both LVET and PEP indices fell sharply. In Case 3 the increase in LVET index was the major contributor to the in- using values uncorrected for heart rate, showed initial changes that were not statistically significant (mean +0'02) (SD o0047) for the group as a whole, but an increase in ratio greater than the standard deviation of 0o04 in normal subjects (Weissler et al., I969) occurred in Cases i, 8, I2, and I4. None of these patients later developed cardiac failure, whereas Cases 2 and 9 did so but without obvious change in the ratio. In Cases i and I4 a decrease in ratio of o004 was found in subsequent tracings.
Discussion
This study was carried out to ascertain what changes in left ventricular systolic time intervals occur in myocardial infarction, the possible influence of other factors being kept to a minimum. Presumably not all these other factors can be excluded. It has been found, for example, that patients admitted to a coronary care unit who do not develop a rise in enzyme levels or electrocardiographic evidence of infarction, may get progressive shortening of the QS2 interval (Diamant and Killip, I970). Elderly subjects have been shown to have a shorter ejection time than normal young subjects (Friedman and Davi- son, I969; Willems et al., I970). The mean age of patients in our study was 50 I years.
Digitalis preparations induce significant abbreviation of the major systolic time intervals in normal subjects (Weissler and Schoenfeld, I970) and in patients with myocardial infarction (Bhardwaj, Schoenfeld, and Samet, I970) . Decreased venous flow, as produced by head-up tilting and venous tourniquets, has been reported to shorten the pre-ejection phase and prolong the left ventricular ejection time (Stafford, Harris, and Weissler, 1970) . Thus, diuretics may influence the systolic time intervals, and no patient in this study received them during the period in which recordings were made.
Many antiarrhythmic drugs such as propranolol, procainamide, and quinidine exert a negative inotropic effect on the heart, and so may alter the relative durations of the cardiac cycle. Lignocaine, on the other hand, has been shown to have no influence on the systolic time interval in patients with acute myocardial infarction The left ventricular ejection time and QS2 indices in this study tended to vary similarly in both direction and magnitude. Where there was dissimilarity, the pre-ejection phase index necessarily changed in the reverse direction to the left ventricular ejection time index (PEP index + LVET index = QS2 index). For the group as a whole, the pre-ejection phase index did not change significantly from day to day. Maintenance of a normal pre-ejection phase after acute infarction has been reported elsewhere (Halpern et The subintervals of the pre-ejection phase (the isovolumic contraction time and QS2 index) were not statistically significantly changed over the 24-hour periods. Their measurement requires consistent clear demarcation of the onset of the first heart sound, which is sometimes difficult or impossible to obtain in patients with myocardial infarction because of the appearance of loud fourth heart sounds or, for various reasons, a soft first heart sound. The isovolumic contraction time measured by this method does not include the whole of the true contraction time since the first heart sound (indicated by high frequency vibrations) begins after initial ventricular contraction, which is more clearly seen on the apex cardiogram (Spodick and Kumar, i968; Inoue et al., 1970 
